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Abstract of J P1 1251 334 
PROBLEM TO BE SOLVED: To increase 
electron mobility and make frequency excellent 
characteristic, by a method wherein an InGaAs 
quantum fine wire formed self-structually and 
naturally is made as a channel layer. 
SOLUTION: A (GaAs)1.5 /(lnAs)1.5 short 
cycle super-lattice is crystal-grown and 
realized as an InGaAs quantum fine wire 
formed self-structually and naturally. On an n- 
In0.4 Ga0.6 As quantum fine wire channel 
layer 3, via a Schottky contact layer 4 
composed of non-doped InP, an n-lnGaAs cap 
layer 5 of a thickness 20 nm is formed. A side 
part of a semiconductor multilayer film is 
removed until reaching a semi-insulation InP 
substrate 1 . A source electrode 6 and a drain 
electrode 7 are formed and annealed, and are 
brought into contact with the n-ln0.4 Ga0.6 As 
quantum fine wire channel layer 3. By use of 
lithography technique, the n-lnGaAs cap layer 
5 is partially recess-etched to set a gate 
region. 
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(54) [*9J<Z)«fN «W»h9>J?Xdr 
(57) [£»] 

[Hfifc^Rl I nPaS«Lht(GaAs)./( I nAs) n j@ 
£ &A££ § tffcSttc S EfflJBWK S «8EflS 3 ft* 
InGaAs:i^i»£f--Y*;WIi: LTfflWfc. »fc(G 
a As) . / ( I n As) „ jBffi^COfllfRtt m , n £ ( 1 . O < m < 

i.8), (i.o<n<i.8)tu u^Mmmzmtfin 

fit I n GaAs*fiNBHl<9t&II£5~l 5nm, Sfc* 
0>JBJ¥&5~1 5nmW. jgt I nGaAsM^WiR 
tiJftSGa<7)fflj££2 0~4 5%fcf 5. 
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imemil InPM±t(GaAs) B /(InAs) n g 
m-Zm&SS&ZlFZ**). ;c7)(GaAs)„/(InAs) n 

mm^^Mmz^mmmzmmtih i nGaA 

As),/( InAs) n j@^cO«Jtm, nii( 1 . 0<m< 
1.8], [1.0<n<1.8K"fcoT, 
gSiHMlWt^StLi. I nGaAs*^i|ffl^»^5 
~1 5nm, JBW5-1 5nmf^;tMtt 

i Ksmvymm \> 

[tmm ] fflE I nGaAsfi^ «fc£>ftl> Ga<Offl 
(ft** 2 0 -4 5 %T& £ Z t *W®. b ? h ffl&& 1 fc!2 

[00 0 1] 
[0002] 

&|>. ZCD&. KWM *£>lMM&ft:fcH**<«4 

mmzmm^m^ swo mmzw-^z t 
yyx^ (fet) ^mm^mmbyy'jz? (he 

MT) wHB6*»^KJIiA(j>-h.TV^. 
[ 0 0 0 3 ] m«'FET(7)ftffiM^I]£^< 77'P 

i2m^»JgMnS«^<s ■f^/l'EKInGaA 
s£fflV^GaAs-FETWgP&#W3ttl"0">l,„ £fc 

i k **aii3 - k i. fetiT us. 

[00 04] 

iwntf®mi£ottmm] L^L^^GaAs- 

FETCtil« InGaAsa^fc^-V^WfJi, GaA 

-thZ tW-CSSOffflBWtJ: DMRSftSkWdfSIS 
££^^Wl£I^«MtU^^ «■ 
S:tJ:ii^^»»ft*2«t^3-e-4ii:*«rttT 
J>£#\ Sfc&o'J ^ -tAi^mWWBiSffit: 

5 nmJjlTWlHB&^Si-S ik*WT*6. 



[0005] hwzm.fmmmm.^^^ivm^ 

mt&^&t LTs Wlitf GaAs36R±t I nGaPJi£ 
ISiHi«fi5-e-4R. I nM^f fcGaM^t* 5 ' [ 1 1 1 ] 3T 

fammmzmmi mm^mmti ztmt 

5-0 . 7 9 nmgftTft "J . I nP*t»»L 

T^-WA'iJTk^&GaPJit* I. OT+ft 

[ 0 0 0 6 ] *3fcnjH±;icoj; -5 3rWf 5r#JtLT*$a 

fmtt^isi±s^ mzmwwm<i.ti£Vikmnm 
m-zztzmtix^i. 

[0007] 

InPfflLLfcGaAsk InAskfc^ft 
*W3 5 nm(7)(GaAs) 2 /( I nAs) 2 jfija«Ji8tS ; F* - 

bfc#£s « 8H2 0 n mTiMSERWtfcT I nGaAs 

As^InPfctftSt&^S^Stf^. 7%k*# 

±IB(GaAs) 2 /(InAs) 2 fflMl«1 ; S^Ol!I]«^ 
jaSfctSWCGaAsO [01-1] ^ft^fe t&^ft 
ftO 1 nGaAs*«JH 5 iWlW)e«WJR«)at«r&£ k t 

[0 008] Jgt*%0M, InAsOInPtitf StS 
^?^^«(i3. (GaAs) 2 /(InAs) 2 
ffifflfflSIS^**^^^, iW(GaAs) 2 /( InAs) 2 
MJSMfS^^-hlB I nP tttL-Cfg^gfrU^ffifi! 
MOSt&^k^-^TfcO. ^oT(GaAs) 2 /(InAs) 2 

nGa AsM.'f mmi-^ *iVM k ^ HMWR»<0M 
|R*5»t&CtsS:Lt-f-Y*;HW^*SSt&ik 

[0009] •eiT"*%0J]WSI.«»»b 7yy'X5- 
ti. I nP3HSUifc:(GaAs)./( I nAs) n ffiffi^S*Sfi 
^^^f^tie$I»^g^)S$tl|. I nGaAs 
fi«H^f-^^«kL^;k^^HktTV^„ S 

fo*^Bj]o» a t v ^m.m tlx, mm. 2 1 tmt s j; 

3fC I nPM±t« B H B J&R£tf & (GaAs)./( I nAs) 
njStS^ffl^&mkiKOe («lt) Sr(1.0<m 
<1.8], (1.0<n<1.8)iU IBttWCiU 
3*1* I nGaAsJi : Fifflt8to«fi& 5~ 1 5 nm, 
*<0j»fc5~15nmkLfc£fc*»ai:l/nV&. 
gfclt^S 3 tlEfW-S J: a t, MS I nGaAsS« 
ISltiSJtS Ga««2r 2 0 ~4 5 % k Uc i t 
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[00 10] 

j^JBfcffiS«#8&liF5>'^*? (FET) fc-ov* 

xmm-ti, mu$t<nmmmfcm%mh%yy> 

(110) I nPfflS-C* 0 , 2ii^«W 

8141 nPlIlit)f«TO5 0 0 nmi'WS 
yyH-7'COInPA'.y7rJiT$>S. ^cOInPA.y? 
rS2±(C, flRfcfff&l 5 nm<7)n-In 0 . 4 Ga 0 . 6 As 
M.^mm^ */H 3 S ill. . ;«n-In 0 , 4 Ga 
o. 8 As*-T4«ttSl-f-^^« 3 (i, ^RfcHGaAs)^/ 

( i has),. Mmmtmfa&m^tzmizsm 

mb£&tmtfLZtl& I nGaAsfi^ifflllk LT^3 
tli. L#> LT±IE n - I n 0 . 4 Ga 0 . „ AsJfrpiM»?-Y * 
/WB3±fctt>'l'F-7V>InP*>&$r4i'a »/F*- 
a>?7 M42r^-tTW^2 0nm(7)n-InGaAsdf 

[00 11] ^*K±1B#S2,3,4,5U S *T« 
Xt^dfi/- (MBE) &£fflVVCmfS¥ffiS14InP 

£ft 1 itJKJWJffli LftA^li£xt°?*;/^/«££ 
*6ik-C«Wtfii4. fit, ItWiW^ (C 
BE) 8^«&g§tfMt£ (MOCVD) S^fcffl^ 
Tluia#« 2,3,4,5 tatWBJjS-f 6 CI k i^iOT 

[0012] l*>4«, y v?yy j-mm*m^x 
mmm 2 , 3 , 4 , 5 *^^i.^*#«)i^w&^ 
wftttinpaeRita-fsi-ciiftSLfca, as<a« 

fc y - *«ffi 6 *5 J: V F M f«* 7 & -eti WWfS. 

u i<i*r--/W!S"f*c:t , c±iBy-^«S6tj 

Jtf F W 7 * mrIB n - I n 0 . 4 Ga 0 , „ AsS^ ,W 
7 < -fi^SfflV^fHEn - I nGaAsdf * 7 rl 5 * 

a 7 hJf-3^?M4iC {fUfcfAlfcy-bm 
«8fcl/aMBBffct*>. Jjl±««HXSOtft> fflE# 
US 6 , 7, 8C*ti-pn«SiSII**tc:ktJ:-?Ti8 

m«m f 5 v y*x ? ttjtt § v- vm±. mux 1 . 

[0013] ^ft#fc.kifibfc*n< LfSWfrSfU n- 
I n 0 . 4 Ga 0 . 6 Asfi^W^)I2rf-r^;H3 k 
SftSF 5y^^<0»#1t*fl@8L!t k F« 
#1 . 5 u m<nm-£t3^"CZ WfflSH ? VX gin 
#fft*4 0 0mS/mm'C*D, |B] t^- h*£fto$ 
*-« Wft n S I n Ga As** ? A TffMMWSk F 

yyvx? \z\m Lxm MUX% i fc . 

[0014] ClCl-Cmatfc n- 1 nj. 4 Ga 0 . 6 As*?* 

*/WB 3 fc-oi vc-W LP L < atfS k , 

HJJfcfc V \±^mmm InPfflKl±fcInP^77T 



■ 2£tfLT«^£3-t!:4(GaAs)./(InAs) ll jBf& 
^<0ffifiSJtm,nS[m<0.5), [n<0. 5)tf)/h£ft 

tt (/111) fcLTj&fcifcfcJ: OiJH(GaAs)./(l 

n as) „ i» cojsftBK^t n wwx. a l®TM£*l 

£ I nGaAs^«OlSS: 5 n m~2 0 n mCOKH 
T\ £fcf£ I nGaAsJHHfflHtfctti Ga<7)«£ 0~ 
4 5 %<7)«EHT"i|lp-t I) i a HZ LX^i . f^t I nGaA 
a»^*B»^R<0%Ht k *03tSifttti± s (GaAs) ./ 
( I nAs)„S^O»tm , nCOimz±Z < Mfth . 
[0015] Mttt I nGaAsm=Ffflmm<vmfr* 1 2 
nmiy±kt£*.<±fa(GaAs) m /(InAs) n j@f&iV) 
flMttfcm,n*ri.8<ni), [ 1 . 8<n) k Lfc*S\ 
«^SfciSBt&^»t i 0 *<7>*3iHitt«:JI#te«oc: 

frS-lv-tyx (PL) *ffl^TfMStSik*«T-& 
4. 1MoT±fa«J:bm,n^[1.8<m], (1.8< 
n) b-th k , I nGaAsJtFiWiBUiWJJ^tlStt&iftH- 

v- t met h Z k g f*^fflH k «r & . 
[0016] afcJJEffiJfcitm.nfclm^l.O), In 
gl.Ok-r&k. I nGaAsJtFJMMItJJW-iSlS 
HSffi k SS 2 ^ffi k »x , ttTUWAjR^mi 

^3iil§8OmeV t j:0fc^$< ; &r l 9, tfL^InGaA 
sili^JBIS^' a SffiKWfc a MM Lit < £ & . 01 1 \f 
H2fc*tJ:dt. (GaAs) m /(InAs) n iSiW<?)ffi^ 
JtJ^(m= nS 1 . 0]O^T1i(GaAs) m /( I nAs)„ 
^i L «fia^^7rM$tLl>-/-c(tT-\ I nGaAsl-^M 

*»aSH»Wfc^S<i&ik* Ji Sr^ («R«*) . * 
Jtfl!«Jt* J (2. 0Sm = n)«tll (GaAs),/ 
( I nAs) n jStS?{0lSflji!t^t:iQB«Wt»jai5*i 
6 InGaAs^'F y h ■ 7 A - flfiSLfeKhft 

ttWlSIfflkfflffeoTK I nGaAsJf*f-v*;W«k LT 
fflV^it^MIfcft* (F-yh ■ ?A7m®) . Lf 
ilBlilSit** [1.0<m=n<2.0] ««« fcti WC » 
»(GaAs)./( I nAs)„@IS : F«0*Sft)S^t I nGaA 
sS^»** { @E«&«]££*l!> (*0H«^) . * 

tzzm. mmmmmza^x^^Mmmm^ii 

h I nGaAatfHBtWBIi, 02 J: ^ t(GaAs). 
/( I nAs) n i@|g^Oflt^tWffim, nCWL Wttt 
5 nm*»^ 1 8 nrngatB-aTSHb-f * . WtlSiSt 
^IS B B H ttc7)r a 1M^#-i:LTffl)3!cit^ ( 1 . 0 <m= n< 
1.8)fcLfc*£, InGaAsi«W5nm-l 
8nm<0«HT'^t^l>. 

[0017] ±IE I nGaAsJ^iffl*J#ROi&- 
ttli, -ewJIiiW l oT*6 P L^MfflBSfflv^TfFflrt 
h^ttfX'* . (GaAs)./( I nAs) n jBffi?«aftKJttf> 

S*^-*. «t±IB»tm, n*«( 1 . 6)glTf k 
S, PL^ffl«*«/hfc=SrOs I nGaAsM^NBRJ^R 
eo^Hfcra < ft § £ k *WT S . 

[0018] GUifli ta^+iwrrti. f-^^JBk 
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LTfflVM, I nGaAdfrHBtW«&#^fttt*«t« 
U R^M3m&mt:+ft£-mii-£l*< InGaA 
sSiMfflHl * i SBKWtJeiR-t 6±tW) (Ga As)./ 
( I n As) „ j@ffi?<9ffij£Jtm ,n£(1.0<m<1.8], 
(1.0<n<1.8)fcLT£*TV>S. ^fc^tio 
TS*8BtS3:h.& I nGaAs*^ffl««fc:t5»tl.GaC5a 
J${4. H4t^tJ;^t±ia«IMtJiBtTB&2 0 

%H4 5 %<o«H"csKt;f s . - commz-o\ ttx 

KH*f^PLffi*MV^*«fS<i4. ±IB«tt 
m, nCOffitOWt}^ fif$LfcMBES^MOCVD 

[0019] *=5r»t^i*aBfflt:tev^J4, JJBn- 
I n 0 . , Gao. 6 AsM^Hll»^^«3 Sr^S-t*^ 
< , MB I nPaSKl±fc(GaAs) lt ,/( I nAs) u ,£ 

mm®m-mm%z-£ti. ^Lt±ian-in 0 . 6 Ga 

o . 4 As*? ffltg-7- * 3 £ BffflT E M«8 U: i - 
6 , fflttfi 1 0 n m«47#lttfima«# fcirt V >S £ i: 

[0 0 20] jK LT±j£L£#n< IT InP*«l± 
Uz n- I n 0 , 4 Ga 0 , 6 AsM^fflSJf Srf-^/H 

3 fc t/tfuw&ft h 5 y^^fcAtLHf s tmwt±fe 

*;WB 3 , W)« : FfHftK* 8,000-10,000 
c m V V s ggfcffift S .1 fc #T ^. L^t sS-f- 

SfcMtf^fg&g, BP*>> 1 6,000-20,00 
Ocm ! /VsgJ|(:«^«IimS. fiSoT 

[00 2 1 ] ft£«WW XOtttg^ScO 1 or** 

W&W, ±$L£ftK InGaAsJFF«iftJB$:f-+ 

3 WC{4* 1 HI weftft^nf ttC^ST-S * OT\ 

[ 0 0 2 2 ] ffi. #3&mi^Lfcgi^*$fc:Rl5g3*l 
££HEMTWi3t^-Yim*-*&Jlfc 



i-SifcfcTSS. *fc(GaAs) li5 /(InAs)i iB 3flffl 
WBIfrFfcftiT(GaAs)./( I nAs) n jfflg?«mtt 
m. n S1iraLfclWftiTJH4Hlltl(@feJ:VJBff« 
H&.?> InGaAsl^«f-^^;^&flii.fcm^S!)m 

[0023] 

nP*«±£(GaAs)./( I nAs),,®!^ £*Siftj££S 
l2*IRfcSBBttWfc3JS3*lS I nGaAsS?ffill£ 

[0024] mzmxm mmti x ? t(GaAs). 

/(InAs) n g^^«itm,n$r(l .0<m<l. 
8], (1.0<n<1.8)tU InGaAsSTfflHOlS 
K5-15nm, JM£5~1 5 nmfcl/O^O) 

t\ * tztmm izumt x 5 time i nGaAss? 

Wcfcftl>GaWffi)3)c5r2 0-4 5%t UTV^ct) 

[111] ^^ajlw-^M^i^^m^Mh^y^'x 

[02] (GaAsJ./CnAsJniB^WflWUtm.nfc 
^§ I nGaAsS^WcOge«S^>5r«fIlsSfc . 

[H3] (GaAs)./(InAs) n Sffi^fflB£itm, nt 
I nGaAsfi^«l^««±^-tt£fffli-t§^ 

[04 ] (GaAs),/( I nAs) n ^^c7)«J:bm, nt 
tfiflftS I nGaAsS^»*lt*3(tl>Ga(7)«CO^b 

1 (1 1 0) ¥*ft»ttInP2£R 

2 InPA' 7 7rI(/yH'-r) 

3 n-In 0 , 6 Ga 0 . 4 Asi^,Wf-r^;H 

4 InPya-y ^-ni"?? f-« 

5 n-InGaAs^'V-yri 
6 

8 Aiy-MS 
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